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(54) Hybrid vehicle control device 

(57) A hybrid vehicle includes: a metal V-belt type 
infinitely variable gear-change mechanism 20 whereby 
the rotation of an engine E is subjected to change in 
gear ratio, a forwards clutch 14 and a reverse brake 15 
that perform engagement/disengagement control of the 
engine and the infinitely variable gear-change mecha- 
nism, and a second motor generator 50 capable of driv- 
ing the drive wheels arranged parallel with the engine. 
The control device is provided with a first hydraulic pump 
3 for engine drive, a second hydraulic pump 56 that is 



driven by an electric motor 55 for pump drive, and a for- 
wards/reverse clutch control valve 73 that performs 
changeover control of supply of working hydraulic pres- 
sure to the forwards clutch 1 4 etc. When vehicle running 
is performed with the engine stopped, the forwards 
clutch etc is disengaged by the forwards/reverse clutch 
control valve, and the second hydraulic pump is driven 
by the electric motor for pump drive, gear-change con- 
trol of the infinitely variable gear-change mechanism be- 
ing performed in accordance with the current driving 
conditions by using this hydraulic pressure. 
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Description 

FIELD OF THE INVENTION 

[0001] The present Invention relates to a hybrid vehi- 
cle constructed so that running drive can be effected by 
transmitting engine output through a gear-change 
mechanism to the vehicle and running drive is also pos- 
sible by means of a drive motor that is arranged in par- 
allel with the engine, so that, in prescribed operating 
conditions, the engine may be temporarily stopped and 
running drive may be performed by driving the vehicle 
by means of the drive motor. 

BACKGROUND OF THE INVENTION 

[0002] Efforts are being made to put into practice hy- 
brid vehicles wherein running can be performed using 
engine drive and electric motor drive in combination, 
with the object of improving engine fuel consumption 
etc. Such a hybrid vehicle is disclosed for example in 
Laid-open Japanese Patent Application Number H. 
11-132321. This vehicle comprises an engine, a first 
motor generator connected to the engine crankshaft, a 
belt type infinitely variable gear-change mechanism 
connected to the engine output shaft through a torque 
converter, and a second motor generator connected to 
a power transmission system on the output side of this 
infinitely variable gear-change mechanism. This vehicle 
is arranged such that ordinary running is performed by 
converting the gear ratio of the engine driving force in 
the infinitely variable gear-change mechanism before 
transmitting it to the vehicle wheels; when the vehicle is 
temporarily stopped, the engine is also temporarily 
stopped; and when subsequently the vehicle is made to 
move off, the vehicle wheels are driven by a second mo- 
tor generator. It should be noted that, when the vehicle 
is thus made to move off again, the engine is restarted 
by the first motor generator, and after the vehicle has 
moved off a changeover is effected to running using en- 
gine drive. 

[0003] If the engine is thus stopped when the vehicle 
is temporarily stopped, hydraulic pump drive by the en- 
gine is also stopped, causing the hydraulic pressure of 
the infinitely variable gear-change mechanism to be 
lost. Accordingly, a second hydraulic pump is provided 
that is driven by an electric motor and when the engine 
is stopped a prescribed hydraulic pressure is generated 
by driving the second hydraulic pump by means of this 
electric motor so as to prepare for the next move-off in 
a condition with the gear ratio set to the maximum 
(LOW) to enable motive force transmission, by supply- 
ing this prescribed hydraulic pressure to the output pul- 
ley cylinder chamber of the infinitely variable gear- 
change mechanism. In this way, in a hybrid vehicle as 
described above, an improvement is sought to be 
achieved in respect of fuel costs by stopping the engine 
when the vehicle is temporarily stopped, and an im- 



provement in respect of fuel costs is sought to be 
achieved by driving the vehicle wheels using the second 
motor generator on moving off. 
[0004] Consideration has also been given, with the 
5 object of further Improving the fuel consumption, to stop- 
ping the engine and performing running using the elec- 
tric motor drive also when the vehicle is running at com- 
paratively high speed. If in this case the conventional 
hybrid vehicle control described above is employed 
10 without modification, the following problems arise. 
[0005] Conventionally, when the engine was stopped 
in a condition where the vehicle was temporarily 
stopped, It was arranged for the clutch, which is provid- 
ed in the power transmission system, to be prepared for 
15 the next move-off by being in an engaged condition, by 
hydraulic fluid pressure supplied from the second hy- 
draulic fluid pump during the engine stoppage. Howev- 
er, if the clutch is put in engaged condition when the en- 
gine is stopped during running, the problem arises that 
20 the gear-change mechanism and the torque converter 
are rotated by the driving force from the vehicle wheels, 
generating entrapment torque, necessitating additional 
driving torque from the electric motor, thereby lowering 
the drive efficiency. 
25 [0006] Also, conventionally, the arrangement was 
such that, when the engine was stopped on temporary 
stoppage of the vehicle, the next move-off was prepared 
for in a condition with transmission of motive force being 
made possible by setting the gear ratio to the maximum 
30 (LOW), by supplying hydraulic fluid, supplied from the 
second hydraulic fluid pump, to the output pulley cylin- 
der chamber of the infinitely variable gear-change 
mechanism. However, there was the problem that, if the 
engine was stopped during running and running drive 
35 effected using the electric motor, since control was per- 
formed such as to make the gear ratio the maximum 
(LOW), on return from electric motor drive to engine 
drive during running, since the gear ratio was the max- 
imum (LOW) for the current vehicle speed, the engine 
40 speed had to be raised unnecessarily, impairing fuel 
consumption and drivabiiity. 

[0007] Accordingly, the present applicants gave con- 
sideration to performing gear ratio control such that the 
gear ratio of the infinitely variable gear-change mecha- 
45 nism should have a value corresponding to the current 
operating condition, by using hydraulic pressure ob- 
tained by driving the second hydraulic pump by the elec- 
tric motor when running was performed with the engine 
stopped. 

so [0008] However, when the engine is temporarily 
" stopped as described above, for reasons relating to bat- 
tery capacity etc it is demanded to make the electric 
power consumption of the electric motor that drives the 
second hydraulic pump as small as possible; also,- the 

55 delivery capacity of the second hydraulic pump is made 
as small as possible and the hydraulic pressure for gear 
ratio control is also made as low as possible. However, 
when gear-change control is performed using such a 
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miniaturized second hydraulic pump, there is the prob- 
lem that the rate at which gear change can be achieved 
is limited; for example in the case of sudden braking ac- 
tion whilst running, resulting in aDrupt deceleration and 
stopping, gear change control in a manner such as to 5 
track this cannot be achieved i.e. gear change control 
displays a time-tag. 

[0009] Specifically, for example, in a case where 
brake action is performed when running at comparative- 
ly high speed in a condition with the gear ratio close to 10 
the minimum (TOP), causing abrupt deceleration and 
stopping the vehicle, gear-change control is demanded 
whereby the gear ratio can be changed to the maximum 
(LOW) in the short time that elapses before the vehicle 
is thus abruptly stopped. However, since, as described *s 
above, the rate of gear-change that is achievable is re- 
duced by miniaturizing the second hydraulic pump, the 
condition is generated that the gear ratio is left at an 
( | intermediate value, since the gear ratio has not been 

able to return to the maximum (LOW) by the time the 20 
vehicle has stopped, owing to the gear-change control 
lag. 

[0010] in this situation, typically control is effected 
such that the engine is stopped when the vehicle is 
stopped, with the object of improving the fuel consump- 2s 
tion; consequently, when the vehicle stops, the engine 
is stopped and the gear ratio remains at an intermediate 
gear ratio; thus, there is the problem that when the en- 
gine is started and the vehicle moves off moving-off con- 
trol must be effected from an intermediate gear ratio, 30 
with the consequence that sufficient moving-off driving 
force is not obtained. Also, if, in order to obtain sufficient 
driving force, the gear ratio is returned to the maximum 
(LOW) before moving-off control is exercised, there is 
the problem that moving off is delayed, impairing driva- 35 
bility. 

SUMMARY OF THE INVENTION 

[0011) An object of the present invention is to provide *o 
a hybrid vehicle control device constructed such that fu- 
el consumption and running performance are not im- 
paired even when performing running drive wherein the 
engine is stopped and an electric motor is used during 
running at comparatively high speed. *s 
[0012] A further object of the present invention is to 
provide a hybrid vehicle control device constructed such 
that it can cope with such gear-change requests even 
when abrupt gear-change requests are generated by for 
example abrupt deceleration during running with the en- so 
gine stopped. 

[0013] Yet a further object of the present invention is 
to provide a hybrid vehicle control device constructed 
such that miniaturization and weight reduction of the hy- 
draulic pump that is driven by the electric motor during 55 
engine stoppage can be achieved. 
[0014] According to the present invention, a hybrid ve- 
hicle is constituted comprising: an engine that is capable 



of temporary stoppage control in a prescribed operating 
condition, an infinitely variable gear-change mechanism 
(for example metal V-belt type infinitely variable gear- 
change mechanism 20) cunntrcimi iu iiie Ouiprui Siidii <i\ 
this engine and whereby the output rotation thereof is 
subjected to infinitely variable change of gear ratio, 
means for control of engagement/disengagement (for 
example forwards clutch 14 and reverse brake 15) that 
perform this engagement/disengagement control using 
hydraulic force and that are arranged so as to be capa- 
ble of engagement/disengagement between the engine 
output shaft and an input member of the infinitely varia- 
ble gear-change mechanism, a driving force transmis- 
sion system (for example, idler shaft 31 , final drive gear 
32, final driven gear 33, differential mechanism 34. and 
axle shafts 35 etc) that transmits the output of the infi- 
nitely variable gear-change mechanism to the drive 
wheels, and an electrically driven motor (for example 
second motor generator 50) capable of driving the drive 
wheels by being connected to this driving force trans- 
mission system, in which this control device further com- 
prises: a first hydraulic pump that is driven by the engine; 
and a second hydraulic pump that is driven by an electric 
motor for pump drive, and a hydraulic pressure supply 
changeover control valve (for example, forward/reverse 
clutch control valve 73) that effects changeover control 
of supply of working hydraulic fluid in respect of the 
means for engagement/disengagement control. When 
performing running drive with the drive wheels driven by 
the engine, gear-change control is executed by the infi- 
nitely variable gear-change mechanism by means of hy- 
draulic pressure from the first hydraulic pump. On the 
other hand, when the vehicle is being run with the drive 
wheels driven by the electrically driven motor and with 
the engine stopped in a prescribed operating condition, 
the means for engagement/disengagement control are 
released by stopping the supply of working hydraulic 
pressure to the means for engagement/disengagement 
control by using the hydraulic pressure supply change- 
over control valve, so that the second hydraulic pump is 
driven by the electric motor for pump drive and gear- 
change control is executed such that the gear ratio of 
the infinitely variable gear-change mechanism is made 
to have a value matching the current driving conditions, 
using the hydraulic pressure obtained from the second 
hydraulic pump. 

[001 5] If a control device of such a construction is em- 
ployed, when the engine is temporarily stopped on the 
occurrence of a prescribed operating condition during 
running etc at comparatively high speed, supply of work- 
ing hydraulic pressure to the means for engagement/ 
disengagement is stopped, thereby releasing this, so, 
in drive of the vehicle wheels by the electrically driven 
motor, any possibility of occurrence of entrapment 
torque trying to rotate the power transmission device lo- 
cated on the engine side of the means for engagement/ 
disengagement is eliminated, thereby improving drive 
efficiency. Also, when running is thus effected by the 
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electrically driven motor on temporary stoppage of the 
engine, gear-change control of the Infinitely variable 
gear-change mechanism is performed using hydraulic 
pressure obtained by the second hydraulic pump, so a 
gear ratio suitable for the running conditions at that time 5 
point is always set, and, subsequently, smooth change- 
over to engine drive from running drive using the elec- 
trically driven motor can be effected by restarting the en- 
gine, thereby enabling the fuel consumption and driva- 
bility to be improved. 10 
[001 6] According to a further aspect of the present in- 
vention, a hybrid vehicle Is constituted comprising: an 
engine that is capable of temporary stoppage control in 
a prescribed operating condition, an infinitely variable 
gear-change mechanism connected to the output shaft is 
of this engine and whereby the output rotation thereof 
is subjected to infinitely variable change of gear ratio, a 
drive force transmission system that transmits the out- 
put of the infinitely variable gear-change mechanism to 
the driven wheels, and an electrically driven motor (for 20 
example second motor generator 50) that is capable of 
driving the driven wheels and is arranged parallel with 
the engine, in which the control device further comprises 
a first hydraulic pump driven by the engine and a second 
hydraulic pump driven by an electric motor for pump 25 
drive. With this control device, in a prescribed driving 
condition, in running with the engine stopped, gear- 
change control is performed such that the gear ratio of 
the infinitely variable gear-change mechanism assumes 
a value matching the current driving conditions, using 30 
the hydraulic pressure obtained from the second hy- 
draulic pump, the second hydraulic pump being driven 
by the electric motor for pump drive, and furthermore, 
when there is a request for a large gear-change that can- 
not be coped with by gear-change control using hydra u- 35 
lie pressure obtained from the second pump, the engine 
is started and the first hydraulic pump is driven, so that 
the hydraulic pressure obtained from this first hydraulic 
pump is used for gear-change control. 
[0017] The control device may further comprise *o 
means for discrimination that compare the requested 
rate of gear-change requested in accordance with driv- 
ing conditions with the maximum rate of gear-change 
that can be obtained by hydraulic pressure supplied 
from the second hydraulic pump, and which, if it is con- 45 
eluded by the means for discrimination that the request- 
ed rate of gear-change is larger than the maximum rate 
of gear-change, cause the first hydraulic pump to be 
driven by starting the engine. For example, the engine 
stoppage permission cancellation decision processing 50 
control shown in Figure 10 may be referred to. 
[0018] Using such a control device according to the 
present invention, when a request for an abrupt gear- 
change is generated by for example abrupt braking ac- 
tion during running with the engine temporarily stopped, 55 
the engine is restarted and the hydraulic pressure from 
the first hydraulic pump is employed for gear-change 
control, so even if the second hydraulic pump is minia- 



turized, it is possible to cope with a request for an abrupt 
gear-change. The second hydraulic pump can therefore 
be miniaturized and reduced in weight and, in addition, 
the electric motor that drives the second hydraulic pump 
can be miniaturized and its power consumption kept to 
a minimum. 

[001 9J Further scope of applicability of the present in- 
vention will become apparent from the detailed descrip- 
tion given hereinafter. However, it should be understood 
that the detailed description and specific examples, 
while indicating preferred embodiments of the invention, 
are given by way of illustration only, since various 
changes and modifications within the spirit and scope 
of the invention will become apparent to those skilled in 
the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The present invention will become more fully 
understood from the detailed description given herein 
below and the accompanying drawings which are given 
by way of illustration only, and thus are not limitative of 
the present invention and wherein: 

Figure 1 is a schematic diagram illustrating the lay- 
out of the power transmission device of a hybrid ve- 
hicle according to the present invention; 
Figure 2 to Figure 4 are hydraulic circuit diagrams 
illustrating the layout of a device for performing con- 
trol of operation in the above power transmission 
device; 

Figure 5 is a schematic view of a hydraulic circuit 
illustrating the layout of a device for performing op- 
eration control in the above power transmission de- 
vice; 

Figure 6 is a flowchart illustrating the details of run- 
ning drive control with the above power transmis- 
sion device; 

Figure 7 is a graph showing the relationship of the 
requested drive force F RQ used in the above run- 
ning drive control with vehicle speed V and degree 
of opening of the accelerator AP; 
Figure 8 is a graph showing the relationship be- 
tween the maximum motor drive force F^ in the 
above running drive control with vehicle speed V 
and remaining battery capacity SOC; 
Figure 9 is a flowchart showing the details of engine 
stoppage permission decision control in the control 
of Figure 6; 

Figure 10 is a flowchart showing the details of en- 
gine stoppage permission cancellation decision 
processing control in the control of Figure 6; 
Figure 11 is a graph showing the relationship of cur- 
rent gear ratio RA in the above engine stoppage 
permission cancellation decision processing con- 
trol with gear-change mechanism fluid temperature 
to and maximum deceleration time Tr; 
Figure 1 2A to C are graphs showing the relationship 
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between the demanded deceleration time Tv and 
maximum deceleration time Tr when the gear ratio 
is changed from RA to RO by decelerating running; 
Figure i3 is a flowchart showing ine ueiuiis of en- 
gine stoppage processing control in the control of 5 
Figure 6; 

Figure 14 is a graph showing the relationship of the 
target gear ratio RT calculated In the control of Fig- 
ure 1 3 with the vehicle speed V and degree of open- 
ing of the accelerator AP; 10 
Figure 1 5 is a flowchart showing the details of elec- 
trically driven oil pump drive decision control in the 
control of Figure 13; 

Figure 16 is a flowchart showing the details of mov- 
ing-off clutch processing control in the control of 15 
Figure 13; 

Figure 17 is a graph showing the relationship of 
moving-off clutch torque Tc with vehicle speed V 
and gear-change mechanism fluid temperature tO 
In the control of Figure 16; and 20 
Figure 1 8 is a flowchart showing the details of pulley 
gearratio processing control in the control of Figure 
13. 

DESCRIPTION OF THE PREFERRED 25 
EMBODIMENTS 

JO 02 1J Preferred embodiments of the present inven- 
tion are described below with reference to the drawings. 
Figure 1 shows the layout of a power transmission de- 30 
vice for a hybrid vehicle provided with a control device 
according to the present invention. This power transmis- 
sion device is employed for ordinary running drive and 
is provided with an engine E capable of temporary stop- 
page control. A vacuum tank 6 is provided that accumu- 35 
lates negative pressure by extracting negative pressure 
from suction pipe 5 of this engine E; the negative pres- 
sure of vacuum tank 6 is supplied to brake booster 8, 
multiplying the operating force of brake pedal 8 in per- 
forming brake operation. 40 
[0022] The first motor generator 1 1s provided on the 
output shaft Es of engine E; this first motor generator 1 
performs starting drive of engine E and engine drive as- 
sistance etc when moving off, and also performs energy 
regeneration by being used as a generator during de- *5 
celeration. The output shaft Es of engine E is coupled 
with forwards/reverse changeover mechanism 10 
through a damper mechanism 2. A first hydraulic pump 
3 is driven by engine E, this first hydraulic pump 3 being 
provided on this engine output shaft Es. so 
[0023] Forwards/reverse changeover mechanism 10 
comprises a single pinion type planetary gear having a 
sun gear 11 coupled with engine output shaft Es through 
dumper mechanism 2, a carrier 12 that freely rotatably 
supports the pinion gear arranged meshing therewith at 55 
the periphery of sun gear 1 1 and which is freely rotatably 
arranged coaxially with sun gear 11, and ring gear 13 
that is freely rotatably arranged coaxially with sun gear 



11. meshing with the pinion gear, and which is linked 
with the gear-change mechanism input shaft 21. and is 
further provided with a forwards clutch 14 capable of 
connecting and disconnecting carrier i2 ami sun gear 
11 (or engine output shaft Es), and a reverse brake 15 
capable of fixing and holding carrier 12. Consequently, 
when forwards clutch 14 is engaged, the entire plane- 
tary gear performs the same rotation as engine output 
shaft Es. and gear-change mechanism input shaft 21 is 
driven in rotation forwards. On the other hand, when re- 
verse brake 15 is engaged, ring gear 13 is rotated in the 
opposite direction with respect to engine output shaft 
Es, causing gear-change mechanism input shaft 21 to 
be rotated in the vehicle reversing direction. It should be 
noted that if forwards clutch 14 and reverse brake 15 
are both released, engine output shaft Es and gear- 
change mechanism Input shaft 21 are disconnected. 
[0024] A metal V belt type infinitely variable gear- 
change mechanism 20 is constructed having a gear- 
change mechanism input shaft 21; rotation of gear- 
change mechanism input shaft 21 which is driven In ro- 
tation as described above is subjected to an infinitely 
variable change in gear ratio by infinitely variable gear- 
change mechanism 20 and transmitted to gear-change 
mechanism output shaft 27. Infinitely variable gear- 
change mechanism 20 comprises a drive pulley 22 
whose pulley width is capable of being variably adjusted 
by means of drive-side hydraulic cylinder 23, driven pul- 
ley 25 whose pulley width is capable of being variably 
adjusted by means of driven-side hydraulic cylinder 26. 
and a metal V belt 24 that is provided between the two 
pulleys 22 and 25. Drive pulley 22 is connected to gear- 
change mechanism input shaft 21 and driven pulley 25 
is connected to gear-change mechanism output shaft 
27. Consequently, rotation of gear-change mechanism 
input shaft 21 can be transmitted to gear-change mech- 
anism output shaft 27 with an infinitely variable gear ra- 
tio, by controlling the hydraulic pressure that is supplied 
to the drive and driven side hydraulic cylinders 23 and 
26. 

[0025] Moving-off clutch 30 is connected to gear- 
change mechanism output shaft 27. Moving-off clutch 
30 comprises a clutch of the hydraulically actuated type 
and engagement control of moving-off clutch 30 is per- 
formed by control of the actuating hydraulic pressure. 
An idler shaft 31 that is coupled with a gear-change 
mechanism input shaft 27 through moving-off clutch 30 
is freely rotatably arranged; a final drive gear 32 that is 
arranged coupled with idler shaft 31 meshes with a final 
driven gear 33 incorporating a differential mechanism 
34. Differential mechanism 34 is coupled with the left 
and right vehicle wheels 36 through left and right axle 
shafts 34 (only the right hand ones are shown in the Fig- 
ure). 

[0026] A motor-side driven gear 38 is arranged cou- 
pled with idler shaft 31 and meshes with motor-side 
drive gear 37 which is arranged coupled with the rotary 
shaft of a second motor generator 50. Consequently, the 
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left and right vehicle wheels 36 can be driven from idler 
shaft 31 by means of second motor generator 50 and, 
contrariwise, using this as a generator, energy regener- 
ation can be performed bv this beina rotated by receiv- 
ing drive force from vehicle wheels 36. 5 
[0027] The first and second motor generators 3, 50 
are connected to battery 5 1 through power drive unit 52. 
In this way, these motor generators 3, 50 can be driven 
by supplying power from battery 51. or the battery can 
be charged (I.e. energy regeneration performed) by the f o 
power obtained by making these motor generators 3. 50 
act as generators when they are driven in rotation. 
[0028] Also, an electric motor 55 for pump drive is 
connected to power drive unit 52 and a second hydraulic 
pump 56 is connected to the rotary drive shaft of this 
electric motor for pump drive 55. The second hydraulic 
pump 56 can therefore be driven by driving electric mo- 
tor for pump drive 55 by the power from battery 51. 
[0029] In the power transmission device constructed 
as above, the output of engine E or the output of first 20 
motor generator 1 is transmitted through forwards/re- 
verse changeover mechanism 10 to infinitely variable 
gear-change mechanism 20, where the transmission ra- 
tio is changed, after which transmission control is per- 
formed by moving-off clutch 30 and. further, is transmit- 25 
ted to the left and right vehicle wheels 36 through differ- 
ential mechanism 34 etc. In this way, vehicle running 
drive is performed by engine E or first motor generator 
1. When first motor generator 1 is driven in rotation by 
the vehicle wheels 36 as for example during deceierat- 30 
ing running, this acts as a generator so that energy re- 
generation is thereby performed. On the other hand, the 
output of the second motor generator 50 is transmitted 
to the left and right vehicle wheels 36 through differential 
mechanism 34 etc from idler shaft 31. In this case also, & 
when the second motor generator 50 is driven in rotation 
by vehicle wheels 36, this acts as a generator so that 
energy regeneration is performed. 
[0030] As will be clear from the above construction, in 
running drive control, engagement control of the forward *o 
clutch 14 and reverse brake 15, gear-change control 
performed by pulley width adjustment of the drive and 
driven pulleys 22 and 25 by the drive side and driven- 
side hydraulic cylinders 23 and 26, and engagement 
control of the moving-off clutch 30 are required. In order 45 
to achieve such control etc, there are provided a first 
rotation sensor 41 that detects rotation of the gear- 
change mechanism input shaft 21 (drive pulley 22), a 
second rotation sensor 42 that detects rotation of the 
gear-change mechanism output shaft 27 (driven pulley so 
25) and a third rotation sensor 43 that detects rotation 
(i.e. vehicle speed) of the final driven gear 33. 
[0031] These control actions are performed by using 
the hydraulic pressure supplied from first hydraulic 
pump 3 or second hydraulic pump 56. The construction 55 
of the hydraulic control device that performs these con- 
trol actions is described below with reference to the hy- 
draulic circuit diagrams of Figure 2 to Figure 4 and the 



hydraulic circuit schematic view of Figure 5. In these Fig- 
ures, the hydraulic circuits indicated by the circled letters 
of the alphabet A to I are mutually connected. 
[0032] This hydraulic control device comprises a first 
hydraulic pump 3 and second hydraulic pump 56 that 
deliver working hydraulic fluid in oil tank 60 formed by 
the gear-change mechanism housing etc. As described 
above, first hydraulic pump 3 is driven by engine E and 
second hydraulic pump 56 is driven by electric motor for 
pump drive 55. A relief valve 57 and one-way valve at 
58 are provided on the discharge hydraulic fluid path of 
the second hydraulic pump 56 driven by electric motor 
for pump drive 55. A high hydraulic pressure for control 
purposes is created by adjusting the pressure of the hy- 
draulic fluid discharged by the two hydraulic pumps 3, 
56 by means of high pressure regulator valve 61, and 
this high hydraulic pressure for control purposes is sup- 
plied to a shift varve 65 and low-pressure regulator valve 
64. A low hydraulic pressure for control purposes creat- 
ed by pressure adjustment by low-pressure regulator 
varve 64 is also supplied to shift valve 65. 
[0033] High-pressure regulator valve 61 creates a 
high hydraulic pressure for control purposes in accord- 
ance with the back pressure from high-pressure control 
varve 62 and the operation of high-pressure control 
valve 62 and low-pressure regulator varve 64 is control- 
led by the hydraulic pressure for control purposes from 
high/low pressure control varve 63. High/low pressure 
control valve 63 creates an arbitrary hydraulic pressure 
for control purposes in accordance with the control cur- 
rent by means of linear solenoid 63a; as can be under- 
stood from this, a high hydraulic pressure for control pur- 
poses and a low hydraulic pressure for control purposes 
are set by signal current control of linear solenoid 63a 
of the high/low-pressure control valve 63. 
[0034] Shift varve 65 supplies in distributed fashion 
high pressure hydraulic fluid for control purposes and 
low-pressure hydraulic fluid for control purposes sup- 
plied as described above to drive-and driven-side hy- 
draulic cylinders 23 and 26 so as to effect gear ratio con- 
trol by pulley width adjustment of the drive and driven 
pulleys 22 and 25. The operation of this shift valve 65 is 
controlled by shift control hydraulic pressure from a shift 
control valve 66 actuated by linear solenoid 66a. Spe- 
cifically, gear ratio control can be performed by control- 
ling the operation of shift varve 65 by performing signal 
current control of linear solenoid 66a. 
[0035] The high hydraulic pressure for control purpos- 
es created by high pressure control varve 61 is supplied 
to clutch reducing varve 72 from hydraulic fluid path 101 , 
creating line pressure, which line pressure is supplied 
to hydraulic fluid path 102. The excess hydraulic fluid 
that is evacuated from high-pressure regulator valve 61 , 
high-pressure control valve 62, and clutch reducing 
valve 72 is adjusted in pressure by lubricating valve 71 
and supplied to lubricating section LUBE. The line pres- 
sure of the hydraulic fluid path 102 is supplied from hy- 
draulic fluid path 103 to high/low pressure control varve 
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63 and shift control valve 66 and furthermore is supplied ear solenoid 75a, causing moving-off clutch control hy- 

from hydraulic fluid paths 104, 104a to a movlng-off draulic pressure to be supplied to movlng-off clutch 30 

clutch control valve 75, to be described. through shift Inhibitor valve 77, thereby performing en- 

iuu30j me line pressure or nyaraunc Tiuia patn iuzis gagement control or moving-on ciutcn au. ine rtgnt- 

supplied through hydraulic fluid path 1 05 to high pres- 5 hand end of shift inhibitor valve 77 is connected to shift 

sure control solenoid valve 82 and is supplied through control valve 66 through hydraulic pressure path 110. tf 

hydraulic fluid path 1 05a to high pressure control valve for example abnormality of the device occurs or supply 

62. As a result, it is possible to change over the setting of drive power disappears, the current passing through 

of the high-pressure hydraulic fluid for control purposes linear solenoid 66a of shift control valve 66 becomes ze- 

between two levels, by performing changeover control w ro, causing the shift control hydraulic pressure that is 

of supply of line pressure to the high pressure control supplied to hydraulic fluid path 11 0 to be made the max- 

vatve 62 by using high-pressure control solenoid valve imum. 

82 - [0040] When this maximum control hydraulic pres- 

10037] The line pressure of hydraulic fluid path 102 is sure is supplied to shift inhibitor valve 77 through hy- 

further supplied from hydraulic fluid path 1 06 through is draulic fluid path 1 1 0, its spool is shifted to the left, caus- 

forwards/reverse clutch control valve 73 to hydraulic flu- ing supply of control hydraulic pressure from moving-off 

id path 1 07 and furthermore is arranged to be selectively clutch control valve 75 to be cut off, with the result that, 

supplied through manual valve 74 to forward clutch 1 4 instead of this. Pitot pressure from Pitot control valve 78 

and reverse brake 15. When forwards/reverse clutch is supplied to movlng-off clutch 30. That is. in this case, 

control valve 73 Is subjected to line pressure from hy- 20 engagement control of movlng-off clutch 30 is per- 

draulic fluid path 1 08a at its right-hand end. its spool is formed by the Pitot pressure. This maximum control hy- 

moved to the left as shown in the Figure, effecting com- draulic pressure is also supplied to shift valve 65, caus- 

munication of hydraulic fluid path 1 06 and hydraulic fluid ing its spool to be shifted to the right so that low hydrau- 

path 107; when the line pressure disappears, the spool lie pressure for control purposes is supplied to driven- 

is moved to the right, cutting off hydraulic fluid path 1 07 25 side hydraulic pressure cylinder 26, and high hydraulic 

from hydraulic fluid path 106 and connecting hydraulic pressure for control purposes is supplied to drive-side 

fluid path 107 with the drain. The action of the line pres- hydraulic pressure cylinder 23, causing the gear ratio to 

sure on hydraulic fluid path 108a is controlled by for- be made TOP. 

wards/reverse clutch control solenoid valve 81 which is [0041] Next, the various control operations in a power 
connected through hydraulic fluid path 1 08 from hydrau- 30 transmission device for a hybrid vehicle constructed as 
lie fluid path 102: above will be described. In this power transmission de- 
[0038] Manual valve 74 performs a changeover action vice, basically, the driving force of engine E is changed 
in response to operation of the gear shift lever at the in transmission ratio by means of forwards/reverse 
driver's seat whereby it blocks hydraulic fluid path 107 changeover mechanism 10 and infinitely variable gear- 
in ranges P and N and connects both the forward clutch 35 change mechanism 20 and effects running drive by be- 
14 and reverse brake 15 to the drain, thereby releasing ing transmitted from moving-off clutch 30 to the vehicle 
the forward clutch 14 and reverse brake 1 5. In range R, wheels through final drive and driven gears 32 and 33, 
it connects reverse brake 1 5 with the hydraulic fluid path differential mechanism 34, and axle shafts 35 etc. That 
107, so that line pressure is supplied to the reverse is, when moving off, drive assistance is effected by 
brake 1 5, which is thereby engaged. And in the forward <o means of first motor generator 1 and during deceleration 
drive ranges I.e. D, S, and L ranges, it connects hydrau- energy regeneration is performed (battery 51 is 
lie fluid path 107 with forward clutch 14, causing line charged) by operating first motor generator 1 as a gen- 
pressure to be supplied to the forward clutch, which is erator. 

thereby engaged. However, when hydraulic fluid path [0042J Furthermore, when the vehicle is stationary or 
1 06 and hydraulic fluid path 1 07 are in a connected con- 45 \ n a condition in which the vehicle is running at compar- 
dition due to receipt of line pressure from hydraulic fluid atively high speed, control is effected to temporarily stop 
path 108a at the right-hand end of forwards/reverse the engine E with the aim of improving fuel consumption, 
clutch control valve 73, although engagement operation When the engine is thus temporarily stopped during ve- 
of forwards/reverse clutch 1 4 or reverse brake 1 5 is pos- hide running, control is exercised to continue running 
sible as described above, if no line pressure is acting on 50 by driving vehicle wheels 36 by driving second motor 
hydraulic fluid path 108a, hydraulic fluid path 107lscon- generator 50. When this happens, generation of entrain- 
nected to the drain by forwards/reverse clutch control ment torque on the engine side from forwards/reverse 
- valve 73; with the result that forward clutch 14 and re- changeover mechanism 10 is prevented by releasing 
verse brake 15 are released irrespective of the position both forwards clutch 14 and reverse brake 15. On the 
into which the manual valve 74 has been moved. 55 other hand, moving-off clutch 30 is put into a lightly en- 
[0039] As described above, the operation of moving- gaged condition such as to transmit just the torque nec- 
off clutch control valve 75 that is supplied with line pres- essary for no-load rotary drive of infinitely variable gear- 
sure through hydraulic fluid path 1 04 is controlled by lin- change mechanism 20; control is performed to set the 
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gear ratio of the Infinitely variable gear-change mecha- 
nism 20 to match the current driving conditions, by con- 
trol of the hydraulic pressure supplied to the drive- and 
driven-side hydraulic pressure cylinders 23, 26 in the in- 
finitely variable gear-change mechanism 20 that is thus 5 
performing no-load rotary drive. 
[0043] The details of running drive as above are de- 
scribed below with reference to Figure 6 to Figure 18. 
First of all, Figure 6 shows the engine operation 
processing control flow S10 in which it is ascertained 10 
whether engine operation is to be continued or tempo- 
rarily stopped. In this control process, in step S11 it is 
ascertained whether the ignition switch is ON or not and 
if this is OFF, the engine is stopped (step S22). When 
the ignition switch is turned ON. processing advances *5 
to steps S12 and S13, the requested driving force F RQ 
requested by the driver is calculated and the maximum 
motor driving force F^ which is the maximum driving 
force that is then capable of being output by the second 
motor generator 50 is calculated. 20 
[0044] In the calculation of the requested driving force 
Frq, first of all it is ascertained whether the gear stick 
is in the drive range or not and if it is not in the drive 
range requested driving force F RQ = 0 is set. On the oth- 
er hand, if it is in the drive range, the requested driving 25 
force FpQ is set in accordance with the vehicle speed V 
and degree of accelerator opening AP (%). In order to 
do this, as shown in Figure 7, the requested driving force 
F RQ is found beforehand and set in accordance with the 
vehicle speed V and degree of accelerator opening AP 30 
(%) so that the requested driving force Frq correspond- 
ing to the current actual vehicle speed V and degree of 
accelerator opening AP (amount of depression of the 
accelerator pedal) can then be read and set from Figure 
7. It should be noted that, as can be seen from Figure 35 

7, the requested driving force F RQ becomes smaller as 
the vehicle speed V increases and becomes larger as 
the degree of accelerator opening AP increases. In this 
Figure, degree of accelerator opening AP = 100% 
means the condition in which the accelerator is fully *o 
open (WOT), and degree of accelerator opening AP = 

0% means the condition in which the accelerator is fully 
closed. 

[0045] Also, the maximum motor driving force F EV is 
found from the remaining capacity SOC of battery 51 45 
and the vehicle speed V To do this, as shown in Figure 

8, the maximum motor driving force F EV is found before- 
hand and set in accordance with the vehicle speed V 
and remaining battery capacity SOC, so that the maxi- 
mum motor driving force F EV can then be read and set so 
from Figure 8 in accordance with the actual current ve- 
hicle speed V and remaining battery capacity SOC. It 
should be noted that, as can be seen from Figure 8, the 
maximum motor driving force F EV becomes smaller as 

the vehicle speed V increases and becomes larger as 55 
the remaining battery capacity SOC increases. 
[0046] Next, in step S 1 4, the thus-calculated request- 
ed driving force F RQ and the maximum motor driving 



force F EV are compared, and, if F EV < F^, engine op- 
eration control is selected and engine operation 
processing control Is performed (steps S18. S19). That 
is, if the requested driving force Fpn Is greater than the 
maximum motor driving force Fgy, since sufficient drive 
cannot be provided by the second motor generator 50, 
drive is performed by engine E. 
[0047] Contrariwise, if Fgy £ F RQ , drive running can 
indeed be performed by second motor generator 50, so 
in step S1 5 a decision is made as to whether the engine 
can be temporarily stopped or not Further, in step S16, 
a decision is made as to whether or not the engine 
should be released from a condition in which permission 
has been given for it to be temporarily stopped i.e. 
whether the engine should be restarted or not If permis- 
sion has not been given for the engine to be temporarily 
stopped or if permission for the engine to be temporarily 
stopped has been canceled, processing advances from 
step S17 to steps S18 and S19. and processing control 
during engine operation is performed as described 
above. On the other hand, if temporary engine stoppage 
is possible, processing advances to steps S20 and S21 , 
the engine is stopped and engine stoppage processing 
is performed. 

[0048] In the above control flow, the processing con- 
trol during engine operation in step S19 is the control 
that was conventionally carried out for example, in the 
forward movement range, forwards clutch 14 is en- 
gaged and engagement control of moving-off clutch 30 
is performed, causing the vehicle to move off; and after 
it has moved off control for running the vehicle is exer- 
cised by gear ratio control effected by infinitely variable 
gear-change mechanism 20 in accordance with driving 
conditions. Since such control is control that was typi- 
cally carried out conventionally, a detailed description 
thereof will here be omitted. 

[0049] Hereinbelow control whereby the engine is 
temporarily stopped will be described. However, first of 
all, the engine temporary stoppage decision control S15 
in the aforementioned engine operation processing flow 
S10 will be described with reference to Figure 9. In this 
control flow, first of all, a decision is made as to whether 
or not the remaining battery capacity SOC is greater 
than a prescribed value, and if the remaining battery ca- 
pacity SOC Is less than the prescribed value i.e. the re- 
maining capacity is low, processing advances to step 
S35 so that engine stoppage control is not carried out. 
When the engine is stopped, a minimum electrical pow- 
er is necessary for restarting it and for during accessory 
units etc. during engine stoppage. The aforementioned 
prescribed value is a value established for judging 
whether such a margin exists or not This value varies 
depending on the engine stoppage time but is set for 
example on the order of about 100 Wh. If on the other 
hand the remaining capacity Is more than was pre- 
scribed, processing advances to step S32, where a de- 
cision is made as to whether or not the brake negative 
pressure (i.e. the negative pressure in vacuum tank 6 
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shown in Figure 1) is below a prescribed value or not. 
[0050] In step S32. if it is determined that the brake 
negative pressure exceeds a prescribed value (i.e. it Is 
ascertained ihai the Drake negative pressure is insuffi- 
cient), since this means that safe braking cannot be per- 
formed because a sufficient boosting action is not being 
obtained from brake booster 7, processing advances to 
step S35 so that engine stoppage control is not carried 
out and engine operation is continued to allow booster 
negative pressure to be accumulated. This prescribed 10 
value varies depending on the capacity of vacuum tank 
6 but Is setfor example at about 250 mmHg. If the brake 
negative pressure is below the prescribed value so that 
a sufficient boosting action is achieved by brake booster 
7, processing advances to step S33, where a decision 15 
is made as to whether warm-up operation of the engine 
has been completed or not 

10051 J If warm-up operation has not yet been com- 
pleted, completion of engine of warm-up is given priority 
and processing advances to step S35, causing engine 20 
operation to be continued without performing engine 
stoppage control. On the other hand, if warm-up opera- 
tion has indeed been completed, processing advances 
to step S34, allowing engine stoppage. Thus, engine 
stoppage is only allowed if the battery has sufficient re- 25 
maining capacity, sufficient brake negative pressure is 
stored, and warm-up operation has been completed. 
[0052] Next, engine stoppage permission cancella- 
tion decision processing control S16 in the above-men- 
tioned engine operation processing flow S 1 0 will be de- 30 
scribed with reference to Figure 10. In this control flow, 
first of all in step S90 a determination is made as to 
whether or not engine stoppage permission has already 
been given. If stoppage permission has not been given, 
no processing for cancellation is required and the cur- 35 
rent flow is terminated without any further processing. If 
engine stoppage permission has been given, process- 
ing advances to steps S91 and S92 and the vehicle 
speed V is detected and the degree of acceleration dV7 
dt is calculated. A determination is then made (step S93) *o 
as to whether or not the degree of acceleration dV/dt 
that has thus been calculated is a negative value i.e. of 
whether the vehicle is In a decelerating condition or not. 
If this is positive or zero (when accelerating or running 
at constant speed), no abrupt change In gear ratio can 45 
occur, so even if engine stoppage permission has been 
given, processing to cancel it is unnecessary, so the cur- 
rent flow terminates without further processing being un- 
dertaken. 

[0053] On the other hand, if the degree of acceleration so 
dV/dt is a negative value i.e. if the vehicle is determined 
to be in a decelerating condition, processing advances 
to step S94 and a determination is made as to whether 
or not the vehicle speed V is larger than a prescribed 
vehicle speed V0. This prescribed vehicle speed V0 is ss 
the minimum speed at which rotation of driven pulley 25 
can be detected by second rotation sensor 42 when run- 
ning at this prescribed vehicle speed V0 and is specifi- 



cally about 5 km/h. If the vehicle speed V gets below the 
prescribed vehicle speed V0. rotation of the driven pul- 
ley 25 becomes too small so rapid gear-change control 
oecomes impossible, rf v s» vu the current how is inere- 
5 fore terminated without further processing. 

[0054] On the other hand, if V > VO. in step S95 the 
requested deceleration time Tv is calculated. This re- 
quested deceleration time Tv is the time required for de- 
celeration of vehicle speed V to the prescribed speed 
V0 while keeping the current rate of deceleration (neg- 
ative acceleration) and Is calculated by: 

Tv = (V0-V)/(dV/dt). 

[0055] Next, processing advances to step S96 and 
the maximum deceleration time Tr needed to perform 
gear-change from the current gear ratio RA to the pre- 
scribed gear ratio RO with the maximum rate of gear- 
change that is achievable using the hydraulic fluid ob- 
tained from second hydraulic pump 56 driven by electric 
motor for pump drive 55 is looked up. This prescribed 
gear ratio RO is the minimum gear ratio (on the LOW 
side) at which sufficient driving force can be exhibited 
when moving off from a vehicle stopped condition and 
is set as a gear ratio of about 90% or more of the max- 
imum gear ratio (LOW) of infinitely variable gear-change 
mechanism 20. That is, a gear ratio close to the LOW 
gear ratio is set as the prescribed gear ratio on RO. As 
will be understood from this, the shortest gear-change 
time that is achievable by the hydraulic pressure from 
the second hydraulic pump 56, from the current gear ra- 
tio RA to the gear ratio RO at which sufficient moving- 
off driving force can be exhibited is the maximum decel- 
eration time Tr. This maximum deceleration time Tr, as 
shown in Figure 11, is found experimentally beforehand 
and set in accordance with the gear box hydraulic fluid 
temperature to and the current gear ratio RA and is 
found by lookup from this graph. 
[0056] Next, the requested deceleration time Tv that 
has been found as described and the maximum decel- 
eration time Tr are compared (step S97) and if Tv £Tr 
the engine stoppage permission control is continued 
without alteration, but, if Tv < Tr, engine stoppage con- 
trol is cancelled i.e. the engine is restarted (step S98). 
As can be seen from this, the requested deceleration 
time Tv is a value corresponding to the "requested rate 
of gear-change requested in accordance with the driving 
conditions" defined in the Claims, and the maximum de- 
celeration time is a value corresponding to the "maxi- 
mum rate of gear-change obtained by hydraulic pres- 
sure supplied from the second hydraulic pump". 
[0057] A specific description of this control will now be 
given with reference to Figure 12. First of ail, Figure 12A 
shows the time change of gear ratio when gear-change 
is effected towards the LOW side with the maximum rate 
of gear-change achievable by means of the hydraulic 
pressure from the second hydraulic pump 56 during run- 
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nlng with the current gear ratio RA t the vertical axis 
showing the gear ratio RATIO and the horizontal axis 
showing the time t As can be seen from this figure, the 
gear-change time at this point is the maximum deceler- 
ation time Tr. Figure 12B and C show the relationship 5 
between the deceleration dV/dt and the requested de- 
celeration time Tv requested for deceleration to the pre- 
scribed vehicle speed VO with this deceleration when 
deceleration is effected by brake operation etc. 
[0058] Figure 12B shows the case where the decel- 10 
eratton dV/dt is comparatively small, and Figure 12C 
shows the case where the deceleration dV/dt Is large. 
In the case of the deceleration of Figure 1 2B, the decel- 
eration Is comparatively gentle, so the requested decel- 
eration time Tv is longer than the maximum deceleration *5 
time Tr and vehicle is still running at the time-point where 
the gear ratio is changed to the prescribed gear ratio 
RO. In this case, since the change of gear ratio to the 
prescribed gear ratio RO is effected whilst the vehicle is 
capable of gear change control during running, even 20 
though the vehicle is stopped in a condition with engine 
stoppage permission given, the necessary prescribed 
gear ratio RO for the next moving-off is obtained and the 
engine stoppage permission is therefore retained. 
[0059] On the other hand, In the case of the deceler- 25 
atlon of Figure 12C, the requested deceleration time Tv 
is shorter than the maximum deceleration time 1r, and 
the vehicle has already stopped at the time-point where 
the gear ratio has changed to the prescribed gear ratio 
RO. In this case, since gear change to the prescribed 30 
gear ratio RO has not been effected even by the time 
point where gear-change control has become impossi- 
ble due to stoppage of the vehicle, control is performed 
to cancel the engine stoppage permission. As a result, 
when deceleration was commenced in the condition of 35 
gear ratio RA, the engine is restarted, and the first hy- 
draulic pump 3 is driven, so that rapid gear-change con- 
trol is performed using the hydraulic fluid which is dis- 
charged thereby, so that the prescribed gear ratio RO 
which is required for the next moving-off can be obtained <o 
before the vehicle stops. As can be seen from this fact, 
If the capacity of the first hydraulic pump 3 that is driven 
by the engine Is made sufficiently large, gear-change 
control can be performed without problems even though 
the second hydraulic pump 56 that is driven by the elec- 45 
trie motor 55 for pump drive is made small and compact 
[0060] The details of the processing control during en- 
gine stoppage (step S20) that is performed when engine 
stoppage is thus permitted are described with reference 
to Figure 13. In this control process, first of all, the in- 50 
hibitor solenoid valve i.e. the clutch control solenoid 
valve 81 (see Figure 3) Is driven (step S41). The clutch 
control solenoid valve 81 is a solenoid valve of normally 
closed type; by driving this, hydraulic fluid paths 108, 
108a are connected to the drain, causing the hydraulic 55 
fluid pressure acting on the right-hand end of the for- 
wards/reverse clutch control valve 73 to be made zero. 
As a result, as described above, hydraulic fluid path 107 



communicates with the drain, and the line pressure to 
forwards clutch 14 or reverse brake 15 which was ap- 
plied through manual valve 74 is cut of?, putting both for- 
wards clutch 14 and reverse brake 15 into a released 
condition. 

[0061] The engine output shaft Es and the gear- 
change mechanism input shaft 21 are thereby discon- 
nected in forwards/reverse changeover mechanism 10, 
with the result that the rotation on the gear-change 
mechanism side can no longer be transmitted from the 
gear-change mechanism input shaft 21 to the engine 
side, thereby preventing occurrence of entralnment 
torque on the engine side. That is, when engine E is tem- 
porarily stopped and running is performed with the ve- 
hicle wheels 36 being driven by second motor generator 
50, their rotation is disconnected at the forwards/reverse 
changeover mechanism 10 and so cannot be transmit- 
ted to the engine side, so entralnment torque due to ro- 
tary members between the engine E and forwards/re- 
verse changeover mechanism 1 0 is not generated, and 
the driving force of the second motor generator 50 is 
efficiently transmitted to the vehicle wheels 36. There is 
therefore no need to make the drive power of battery 51 
unnecessarily large, and efficient energy regeneration 
can be performed when second motor generator 50 is 
driven by drive from vehicle wheels 36 during deceler- 
ation etc. 

[0062] Next, the target gear ratio RT whilst the engine 
is temporarily stopped is calculated (step S42). As 
shown In Figure 14, the target gear ratio RT is deter- 
mined in accordance with the vehicle speed V and de- 
gree of accelerator opening (amount of depression of 
the accelerator pedal) AP; it is set to a value that de- 
creases as the vehicle speed V increases and increases 
as the degree of accelerator opening increases. Specif- 
ically, the target gear ratio immediately prior to restarting 
of the engine is set such that when the requested driving 
force is increased by the driver gradually depressing the 
accelerator pedal, causing the engine to restart the 
speed of engine E is about 2000 rpm when the engine 
is restarted and moving-off dutch 30 is engaged. On the 
other hand, it is set such that if the amount of depression 
of the accelerator pedal is comparatively small and the 
requested driving force is also not large, the speed of 
rotation of engine E is about 1200 to 1 500 rpm when the 
engine is restarted and moving-off clutch 30 is engaged. 
[0063] When the target gear ratio is calculated in this 
way in step S42, it is ascertained (step S43) whether or 
not it is necessary to drive second hydraulic pump (elec- 
trically operated oil pump) 56 in accordance with this tar- 
get gear ratio. The details of this decision control are 
shown in Figure 15; in this process, first of all, a decision 
is made (step S51 ) as to whether or not timer action has 
terminated. It should be noted that the timer is in a ter- 
minated condition in the initial condition. When timer ac- 
tion terminates, processing advances to step S52, and 
the actual gear ratio RA (=NDR/NDN) is calculated. 
NDR is the rotational speed of the drive pulley 22 de- 
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tected by first rotation sensor 41 and NDN is the rota- 
tional speed of driven pulley 25 detected by second ro- 
tation sensor 42. 

[0034] Next, processing advances to step S53, and 
the gear ratio deviation RE (=RT-RA) is calculated. If the 
absolute value of the gear ratio deviation RE is larger 
than a prescribed value i.e. If the gear ratio deviation RE 
is large, gear-change control is necessary, so second 
hydraulic pump 56 is driven by electric motor 55 for 
pump drive. At this point, in step S55. the timer is set, 
causing second hydraulic pump 56 to be temporarily 
driven, whereupon drive thereof Is continued for the time 
sent by the timer. By employing a timer in this way. the 
frequency of turning electric motor 55 for pump drive on 
and off is reduced, improving the durability of the switch- 
ing elements (relays) that perform the on/off control. On 
the other hand, if the absolute value of the gear ratio or 
deviation RE is smaller than the prescribed value, gear- 
change is unnecessary, so drive of second hydraulic 
pump 56 is stopped (step S57). 
[0065] In this way, in step S43, a decision is made re- 
garding driving of the electrically operated oil pump i.e. 
second hydraulic pump 56 and if this is driven process- 
ing advances from step S44 to step S45 and movfng-off 
clutch control processing is performed. The details of 
this control process are shown in Figure 16; in this con- 
trol process, first of all, the gear-change mechanism hy- 
draulic fluid temperature to is detected (step S61). Next 
the moving-off clutch engagement torque Tc is calculat- 
ed, and an instruction signal is output to control the op- 
eration of movi ng-off clutch control valve 75 that sets 
the hydraulic pressure that is supplied to the moving-off 
clutch 30, such that this engagement torque Tc is ob- 
tained. It should be noted that this moving-off clutch en- 
gagement torque Tc is set as shown in Figure 17 in ac- 
cordance with the gear-change mechanism hydraulic 
fluid temperature to and vehicle speed V When the ve- 
hicle is running in a condition with the engine stopped, 
the infinitely variable gear-change mechanism 20 must 
be rotated under no load such that a gear ratio is ob- 
tained matching the current running condition (driving 
condition). The moving-off clutch engagement torque Tc 
Is the torque value that is required to transmit the nec- 
essary driving force for no-load rotation of infinitely var- 
iable gear-change mechanism 20 In this way; torque Tc 
is set as shown in Figure 17 such that it increases as 
the hydraulic fluid temperature to becomes lower, and 
increases as the vehicle speed V becomes larger. 
[0066] Next, processing advances from step S45 to 
step S46, so that pulley gear-change processing i.e. 
gear-change processing control in infinitely variable 
gear-change mechanism 20 is performed. The details 
of this control process are shown in Figure 18; In this 
control process, first of ail, a determination is made as 
to whether the gear ratio deviation RE is positive or neg- 
ative (step S71). If the gear ratio deviation RE is nega- 
tive I.e. the actual gear ratio RA is larger than the target 
gear ratio RT, it is necessary to make the gear ratio 



smaller (towards the OD (overdrive) side); contrariwise, 
if the gear ratio deviation RE is positive, the actual gear 
ratio RA is smaller than the target gear ratio RT so it is 
necessary to maKe me gear ratio larger (iuwurus 

5 LOW side). 

[0067] In order to achieve this, if the gear ratio devia- 
tion RE is negative, processing advances to step 572. 
in which a comparison is made of the gear ratio deviation 
RE and a first prescribed value which is a negative value 

io whose absolute value is comparatively small. If the gear 
ratio deviation RE is larger than the first prescribed value 
(close to zero) it is concluded that there is no need for 
a gear change, and the gear-change instruction value 
of the previous occasion is held (step S76). If the gear 

is ratio deviation RE is smaller than the first prescribed val- 
ue (if it is a negative value of larger absolute value), 
processing advances to step S73. in which the gear ratio 
deviation RE is compared with a second prescribed val- 
ue which is a negative value whose absolute value is 

20 comparatively larger. If the gear ratio deviation RE is 
larger than the second prescribed value (close to zero), 
it is concluded that a gentle gear-change towards the 
OD side is necessary, and an OD-side gentle gear- 
change instruction value is set as the gear-change in- 

2S struction value (step S75). On the other hand, if the gear 
ratio deviation RE is smaller than the second prescribed 
value (if it is a negative value of larger absolute value), 
it is concluded that an abrupt gear-change towards the 
OD side is necessary, and an OD-side abrupt gear- 

30 change instruction value is set as the gear-change in- 
struction value (step S74). 

[0068] On the other hand, if in step S71 it is deter- 
mined that the gear ratio deviation is a positive value, 
processing advances to step S77, in which the gear ratio 

35 deviation RE and a third prescribed value which is a pos- 
itive value whose absolute value is comparatively small 
are compared. If the gear ratio deviation RE is smaller 
than the third prescribed value (close to zero), it is con- 
cluded that there is no need for a gear change, and the 

^o gear-change instruction value of the previous occasion 
is held (step S79). if the gear ratio deviation RE is larger 
than the third prescribed value, processing advances to 
step S78, where the gear ratio deviation RE is compared 
with a fourth prescribed value which is a positive value 

46 and whose absolute value is comparatively large. If the 
gear ratio deviation RE is smaller than the fourth pre- 
scribed value, it is concluded that a gentle gear-change 
towards the LOW side is necessary, and a LOW-side 
gentle gear-change instruction value is set as the gear- 

50 change instruction value (step S80). On the other hand, 
if the gear ratio deviation RE is larger than the fourth 
prescribed value, it is concluded that an abrupt gear- 
change to the LOW side is necessary, and a LOW-side 
abrupt gear-change instruction value is set as the gear- 

55 change construction value (step S81 ). 

[0069] Operation of the shift control valve 66 is con- 
trolled in accordance with the gear-change instruction 
value that is thus set, so that control of supply of high- 
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pressure and low-pressure control hydraulic pressure to 
the drive- and driven-slde hydraulic pressure cylinders 
23 and 26 is effected by shift valve 65 and gear-change 
control Is thereby performed corresponding to the gear- 
change instruction value. 5 
[0070] The details of various types of control when en- 
gine temporary stoppage was performed are described 
above. Such control features in particular when the en- 
gine is temporarily stopped, releasing the forwards 
clutch 14 and reverse brake 15 in the forwards/reverse io 
changeover mechanism 1 0 so as to disconnect the link- 
age with the engine side; restriction of drive of the sec- 
ond hydraulic pump 56 by the electric motor 55 for pump 
drive purposes when the gear ratio deviation has be- 
come large; and no-load rotary drive of the infinitely var- is 
iable gear-change mechanism 20 by light engagement 
of moving-off clutch 30 when the gear ratio deviation has 
become large and performance of gear ratio control 
such that a target gear ratio is obtained corresponding 
to the current driving conditions. 20 
[0071 J In this way, the drive efficiency of the second 
motor generator 50 and/or the energy regeneration ef- 
ficiency when this acts as a generator by being driven 
by the vehicle wheels are improved since, when the en- 
gine is temporarily stopped and running drive is per- 25 
formed using the second motor generator 50, genera- 
tion of rotary entrapment torque on the engine side of 
the forwards/reverse changeover mechanism 10 is 
eliminated. Also, gear-change control of the infinitely 
variable gear-change mechanism during driving by the 30 
second motor generator 50 is unnecessary, but, since 
gear-change control is meanwhile performed such that 
a gear ratio is obtained matching the driving conditions, 
there is no possibility of the engine speed running away 
when the engine is restarted, so a smooth transition to 35 
engine drive control can be achieved. Also, since, during 
such an gear-change control of the infinitely variable 
gear-change mechanism 20, the infinitely variable gear- 
change mechanism 20 merely performs gear-change 
control under a no-load operating condition, there is the *o 
advantage that the hydraulic pressure for effecting gear- 
change can be a low pressure, so that only a small 
amount of gear-change control energy is required. Like- 
wise, the moving-off clutch 30 need only be weakly en- 
gaged to an extent such as to permit transmission of the 45 
small torque needed for no-load rotation of infinitely var- 
iable gear-change mechanism 20, so the engagement 
control energy of the moving-off clutch 30 can also be 
made small. 

[0072] It should be noted that, although, in the above, so 
a power transmission device using a metal V-belt type 
infinitely variable gear-change mechanism was de- 
scribed as an example, the infinitely variable gear- 
change mechanism is not restricted to being of such a 
type. Also, although a construction was adopted where- 55 
by, during temporary stoppage of the engine, the engine 
side and the infinitely variable gear-change mechanism 
side were disconnected by means of the forwards/re- 



verse changeover mechanism (that is, the engagement/ 
disengagement control means of the claims is constitut- 
ed by the forwards clutch and reverse brake of the for- 
wards/reverse changeover mechanism), an arrange- 
ment could be adopted whereby a separate clutch is ar- 
ranged on the input shaft of the infinitely variable gear- 
change mechanism, the engagement/disengagement 
control means of the claims being constituted by this 
clutch, this clutch being disengaged during temporary 
engine stoppage. 

[0073] The invention being thus described, it will be 
obvious that the same may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled In the 
art are intended to b included within the scope of the 
following claims. 

RELATED APPLICATIONS 

[0074] This application claims the priority of Japanese 
Patent Application No. 2000 - 007339 filed on January 
17, 2000 and Japanese Patent Application No. 2000- 
01 4406 filed on January 24, 200 which are incorporated 
herein by reference. 

[0075] A hybrid vehicle includes: a metal V-belt type 
infinitely variable gear-change mechanism 20 whereby 
the rotation of an engine E is subjected to change in 
gear ratio, a forwards clutch 14 and a reverse brake 15 
that perform engagement/disengagement control of the 
engine and the Infinitely variable gear-change mecha- 
nism, and a second motor generator 50 capable of driv- 
ing the drive wheels arranged parallel with the engine. 
The control device is provided with a first hydraulic pump 
3 for engine drive, a second hydraulic pump 56 that is 
driven by an electric motor 55 for pump drive, and a for- 
wards/reverse clutch control valve 73 that performs 
changeover control of supply of working hydraulic pres- 
sure to the forwards clutch 1 4 etc. When vehicle running 
is performed with the engine stopped, the forwards 
clutch etc is disengaged by the forwards/reverse clutch 
control valve, and the second hydraulic pump is driven 
by the electric motor for pump drive, gear-change con- 
trol of the infinitely variable gear-change mechanism be- 
ing performed in accordance with the current driving 
conditions by using this hydraulic pressure. 



Claims 

1. A hybrid vehicle control device comprising: an en- 
gine that is capable of temporary stoppage control 
in a prescribed operating condition, an infinitely var- 
iable gear-change mechanism connected to the 
output shaft of said engine and whereby the output 
rotation thereof is subjected to infinitely variable 
change of gear ratio, a driving force transmission 
system that transmits the output of said infinitely 
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variable gear-change mechanism to the drive 
wheels, and an electrically driven motor capable of 
driving said vehicle wheels and arranged parallel 
uyitK calri onnirtA flirt hnr comDrisino: 

5 

a first hydraulic pump that is driven by said en- 
gine; and 

a second hydraulic pump that is driven by an 
electric motor for pump drive, wherein 
during running with said engine stopped in said 10 
prescribed operating condition, gear-change 
control is performed by driving said second hy- 
draulic pump by said electric motor for pump 
drive such that the gear ratio of said infinitely 
variable gear-change mechanism is made to 
have a value matching the current operating 
condition, by using hydraulic pressure obtained 
from said second hydraulic pump. 

2. The hybrid vehicle control device according to claim 20 
1 wherein engagement/disengagement means are 
provided that perform engagement/disengagement 
control using hydraulic force and that are arranged 
so as to be capable of effecting engagement/disen- 
gagement between the output shaft of said engine 25 
and an input member of said infinitely variable gear- 
change mechanism, said electrically driven motor 
is connected to said driving force transmission sys- 
tem and is constituted so as to be capable of driving 
said drive wheels, gear-change control by said infi- 30 
nitely variable gear-change mechanism being ar- 
ranged to be performed using hydraulic fluid from 
said first hydraulic pump when the vehicle is being 
driven while running by said engine being driven, 
by transmission of output of the said engine to said 35 
drive wheels by engagement action thereof; 



draulic pump. 

3. The hybrid vehicle control device according to claim 
1 wherein, when a la roe gear-change request is 
generated that cannot be coped with by gear- 
change control by the hydraulic pressure obtained 
from said second pump, said engine is started to 
drive said first hydraulic pump and the hydraulic 
pressure obtained from said first hydraulic pump is 
used for gear-change control. 

4. The hybrid vehicle control device according to claim 
3 further comprising means for discrimination that 
compare the requested rate of gear-change re- 
quested in accordance with driving conditions with 
the maximum rate of gear-change that can be ob- 
tained by hydraulic pressure supplied from said 
second hydraulic pump, and wherein, if it is con- 
cluded by said means for discrimination that said 
requested rate of gear-change is larger than said 
maximum rate of gear-change, said first hydraulic 
pump is caused to be driven by starting said engine. 



wherein is provided a hydraulic pressure supply 
changeover control valve that changes over 
control of supply of working hydraulic pressure <o 
in respect of said engagement/disengagement 
control means; and 

wherein when, in said prescribed operating 
condition, said engine is stopped and the vehi- 
cle is being run by said drive wheels being driv- 45 
en by said electrically driven motor, said en- 
gagement/disengagement control means are 
released by stopping supply of working hydrau- 
lic pressure to said engagement/disengage- 
ment control means by said hydraulic pressure so 
supply changeover control valve, said second 
hydraulic pressure pump being driven by said 
electric motor for pump drive and gear-change 
control being performed such that the gear ratio 
of said infinitely variable gear-change mecha- 55 
nism is made to have a value corresponding to 
the current operating conditions, using the hy- 
draulic pressure obtained from said second hy- 



13 



EP 1 116 619 A2 




15 



EP1 116 619 A2 



Fig. 3 




K ) 



® 

® 



16 




17 



EP 1 116 619 A2 




18 



EP 1 116 619 A2 



Fie 




19 



EP 1 116 619 A2 



Fig . 7 




AP-100X 



AP-OX 



Fig. 8 




S0C=100X 



Fig. 11 




Ro LOW 



20 



EP 1 116 619 A2 



Fig. 9 




(^RETURN 



Fig. 14 




v 



21 



EP 1 116 619 A2 



Fig. 10 



DECISION PROCESSMG 
FORENOON STOPPAGE 



X S16 




DETECT VEHICLE SPEED V 

i 



.RATION S 



,S93 

av/dt<o.o? "sfcL 




S92 



S95 



Tv= (V 0 -V)*dV/dt 



|| TR LOOKUP PRQOESSINO |j -^ 




ENGINE S TOPPAGE PER M- 
HSSION CANCELLATION 



^rS98 



22 



EP1 116 619 A2 



RATIO 



Fig. 12 A 



Low 



Fig. 12 b 



Fig. 12 C 




23 



EP1 116 619 A2 



Fig. 13 



C 



PROCESSING DURING 
5NGNE STOPPAGE 



5 



520 







DRIVE OF INHIBITOR SOL . 






II CALCULATION OF II 
II TARGET GEAR RATIO H 




I .„ /: 



DECISION FOR ELECTRICALLY | 
..OPERATED OH- PUMP DRIVE 



S41 
S42 

SA3 




MOVING-OFF CLUTCH 
PROCESSING 



PULLEY GEAR-CHANGE 
PROCESSING 



] 



546 



(return j 



24 



EP1 116 619 A2 



Fig. 15 




S43 



ACTUAL. ..„»_„ a, 
GEARRATIO D *' DN 



I 



DEVIATION I Rb - RtR - 




S52 



553 



S54 



TIMER SETTING 



S55 



,S56 



ELFQIBJCALLV gPERATED 
OB- PUMP PRIVE 



S57 



ELECTRICALLY OPERATED 
OB. PUMP STOPPAGE 



(return ) 



25 



EP1 116 619 A2 



Fig. 16 



C 



MOVING-OFF CLU- 
-TCH PROCESSINQ 



5 



S45 



CTV HYDRAULfC FLUID 
TEMPERATURE TO DETECTION 



CALCULATION OF MOVING 
-OFF CLUTCH TORQUE TC 



^rs6i 

S62 



MOVING-OFF CLUTCH 
INSTRUCTION OUTPUT 



r 

^S63 



^ RETURN^ 



Fig. 17 



t 0 =o*c 



t 0 =ioot; 



26 




27 



